Frictionless e-commerce implies that price dispersion for identical products sold by different etailers should be smaller than it is offline, but some recent empirical evidence reveals the opposite. A study by Smith et al. (2000) suggests that such a phenomenon may be due to heterogeneity among etailers in such factors as shopping convenience, consumer awareness, and trust. These hypotheses, however, remain untested. In this paper, we extend previous research by developing a comprehensive framework of the drivers of online price dispersion that includes market characteristics such as number of competitors, consumer involvement, and product popularity, in addition to e-tailer characteristics and product category differences. We also empirically test our propositions in a more comprehensive manner than prior research by using a range of price dispersion measures covering 6,739 price quotes for 581 products from 105 e-tailers in a variety of product categories including books, CDs, DVDs, desktop computers, laptop computers, PDAs, computer software, and consumer electronics. Specifically, we (1) identify some key dimensions of e-tailer heterogeneity using factor analysis; (2) identify clusters of e-tailers on these dimensions using cluster analysis; (3) analyze how market factors affect price dispersion using regression analyses; and (4) examine how heterogeneity among e-tailers is related to their prices using hedonic regressions by category and by cluster. Our results show that etailer services can be characterized by five underlying factors, namely, shopping convenience, reliability in fulfillment, product information, shipping and handling, and pricing policy. There are three clusters of e-tailers who target different consumer groups and position themselves differently along these five factors. Even after controlling for e-tailer characteristics, online price dispersion is large. Market characteristics drive a large portion of this e-tailer price dispersion. Specifically, price dispersion increases with involvement or average price level of items, albeit at a decreasing rate, and decreases with the number of competitors, but at a diminishing rate. The models explain over 92% of the variance in price dispersion. e-tailers charge prices in line with their characteristics, but do not necessarily command higher prices for superior services. The drivers of e-tailer prices also vary significantly by the cluster to which the e-tailers belong.
Introduction
The failure of the "law of one price" or price dispersion has been widely observed, even for homogeneous products in environments conducive to perfect competition (e.g., Dahlby and West 1986; Pratt et al. 1979; Sorensen 2000) . Price dispersion, defined as the distribution of prices of an item (such as range and standard deviation) with the same measured characteristics across sellers of the item at a given point in time, has generally been found to be substantial (e.g., Dahlby and West 1986; Sorenson 2000; Stigler 1961 ).
Since price dispersion has significant implications for modeling consumer and producer behavior, and has potentially key policy implications, it is an important topic to study. In particular, price dispersion is indicative of potential gains to search by consumers. A large amount of price dispersion would suggest that the market in question is informationally inefficient (Ratchford et al. 1996) . For an online market, this would call into question the hypothesis that e-commerce or online market reduces search costs and leads to increased market efficiency (Bakos 1997) . To determine whether any online markets are likely to be inefficient and to explain why they may be inefficient, it would be useful to study online price dispersion and its drivers across a number of different items sold by e-tailers. That is the major purpose of this study.
The earliest theoretical explanation of price dispersion is generally credited to Stigler (1961) . In a seminal paper on the economics of information, Stigler attributed price dispersion to incomplete information. Subsequent studies have modeled price dispersion as an equilibrium outcome when some consumers find it too costly to locate the lowest price offered in a market (Burdett and Judd 1983; Burdett and Coles 1997; Carlson and McAfee 1983; Salop and Stiglitz 1982) .
1 A prediction that follows from this research stream is that price dispersion will be reduced when information is more readily available to consumers and/or consumer search is less costly.
Although they have received less attention, other explanations of price dispersion have also been
proposed. First, staggered price setting due to menu cost has been suggested as a source of price dispersion (Fishman 1992) . Sellers cannot adjust prices immediately due to menu cost or pre-announced prices.
Therefore, when some demand shock occurs, some sellers are able to adjust prices, while others have to wait for some time to adjust the prices. Second, demand uncertainty, costly capacity and presetting of price, together, may drive price dispersion (Dana 1999) . According to this explanation, prices get more dispersed when the market becomes more competitive-a phenomenon witnessed in the airline industry. Third, firms may charge different consumers different prices according to their willingness to pay-a practice commonly known as "price discrimination." Giulietti (1999) also found evidence for price discrimination in an Italian grocery market where consumers' switching costs are high. Although typically, price discrimination has been discussed in the context of a monopoly market, Clemons, Hann, and Hitt (1998) found that it also exists in the online travel agent market. Fourth, consistent with the information based explanation in the economics literature, Wernerfelt (1991) found that inertial brand loyalty, resulting from time lags in awareness, leads to market equilibrium with price dispersion. Fifth, unmeasured heterogeneity in seller attributes including differential services could result in price dispersion for a homogeneous product (e.g., Brynjolfsson and Smith 2000; Sorensen 2000) .
Despite the large amount of theoretical discussion on the potential drivers of price dispersion, there exist only a few empirical studies on price dispersion. These studies focused on a few specific source(s) of price dispersion (e.g., Clemons, Hann, and Hitt 1998; Dahlby and West 1986; Erevelles, Rolland and Srinivasan 2001; Giulietti 1999; Pratt, Wise, and Zeckhauser 1979; Smith et al. 2000; Sorensen 2000) . A comprehensive investigation that would allow an assessment of the theoretical explanations, has not been undertaken. Moreover, most existing empirical studies investigated price dispersion for similar or comparable products rather than exactly identical products (e.g., Clemons et al 1998; Dahlby and West 1986; Sorensen 2000) , so unmeasured product heterogeneity could be a potential threat to the validity of their results (Smith, Bailey, and Brynjolfsson 2000) . Furthermore, only a few studies have examined price dispersion in the online context.
The emergence and explosive growth of online retailing (e-tailing) allows a thorough examination of the drivers of price dispersion. First, as a technology designed to facilitate information exchange, the Internet promises a new age of perfectly competitive markets and potentially offers large amounts of information to consumers. Thus, the lower search cost due to technology revolution (Bakos 1997) , leads us to expect reduced price dispersion among e-tailers. Online markets also involve significantly easier entry than offline markets, because the storefront is simplified as a web site (Brynjolfsson and Smith 2000) . Consequently, online markets should be more competitive and witness less price dispersion than a conventional market.
Moreover, by discarding some traditional retailing characteristics, such as high menu cost and thus staggered price setting, online retailing is expected to have smaller price dispersion. For example, e-tailers have been found to have significantly more frequent but smaller price changes than conventional retailers (Brynjolfsson and Smith 2000) .
Unfortunately, despite these theoretical arguments, the prediction of narrower price dispersion online is not supported by existing empirical evidence. In studies of books, CDs, software, and airline tickets sold online, Bailey (1998) , Brynjolfsson and Smith (2000) , and Clemons et al (1998) , all found that online price dispersion is no narrower than that in conventional markets. Moreover, two important studies (Brynjolfsson and Smith 2000; Smith, Bailey, and Brynjolfsson 2000) show that such pattern is surprisingly persistent over time. Erevelles et al. (2001) found that price/unit of vitamins is on the Internet is significantly higher for
Internet retailers than for traditional retailers. Greater information online may lead to lower price sensitivity and wider range of prices (Shankar, Rangaswamy and Pusateri 2001) . Although Smith and his colleagues proposed some drivers of such large and persistent online price dispersion, their hypotheses about the determinants of online price dispersion have not been tested empirically.
The emergence and growth of online retailing has also provided a great opportunity for empirical price dispersion research. First, conventional retailers are usually unwilling to provide many price quotes when they are contacted (Sorenson 2000) , whereas all price quotes of e-tailers can be found easily and unobtrusively through some well known price comparison engines such as BizRate.com, Shopper.com, MySimon.com, PriceScan.com, and PriceWatch.com. Second, since prices are available at the same time across e-tailers, they provide a stronger validity for research on price dispersion (Smith, Bailey, and Brynjolfsson 2000) . Third, because of the convenience of price comparison for a large number of products, we can focus on entirely identical products, such as books, CDs, DVDs, electronics, computer hardware and software. By examining the prices of identical products across different e-tailers, we can avoid potential problems related to "comparable" but somewhat differentiated products. Fourth, through a cross-sectional study of multiple product categories whose average price levels may range from two dollars to thousands of dollars, we can also examine price dispersion at different consumer involvement levels.
In summary, different explanations for price dispersion have been proposed and the informationbased explanation seems at most only partially successful. There is a lack of a comprehensive conceptual and empirical work that could make a substantial contribution to the understanding of the online price dispersion phenomenon. The rapid growth of electronic commerce has provided a good opportunity for such a task. The research objective of this study is thus to extend prior research (e.g., Brynjolfsson and Smith 2000; by focusing on a comprehensive set of drivers of price dispersion across e-tailers with an effort to test potential theoretical explanations. Our incremental contributions over previous research on online price dispersion are shown in Table 1 .
( Table 1 about here) In the next section, we review and discuss the potential drivers of online price dispersion. In section 3, we explain the data and the measurement. In section 4, we present the model formulation. In the subsequent section, we present and discuss the results. We close by discussing the limitations and directions for future research and offer our conclusions.
Conceptual Framework
In their review of competition in digital markets, Smith, Bailey, and Brynjolfsson (2000) summarize the possible drivers of price dispersion in online markets as product heterogeneity, convenience of shopping, consumer awareness of the seller's existence, e-tailer's branding and trust which reduces consumer risks, lock-in due to consumer switching costs, and price discrimination. Broadly speaking, we can classify these sources and other additional drivers of online price dispersion into two sets of factors, namely, (1) e-tailer characteristics and (2) market characteristics, after controlling for product category differences. In the following paragraphs, we discuss how each of these factors might affect e-tailer prices and price dispersion.
We also predict the direction of effect of e-tailer characteristics on e-tailer prices. The sign in parentheses of each e-tailer characteristic refers to the direction of influence on e-tailer prices. A positive (negative) sign implies higher (lower) price. The effect of variation in each e-tailer characteristic is always positively related to price dispersion, that is, the greater the variance in an e-tailer characteristic, the greater the price dispersion. For a market characteristic, however, the sign in parentheses refers to the direction of its effect on price dispersion.
e-tailer Characteristics

e-tailer Service Attributes
Shopping convenience (+). Variation in shopping convenience may influence price dispersion. Ease of finding and evaluating products through better search tools, navigation and faster checkout could reduce consumer search and switching costs. Therefore, e-tailers who offer a high level of convenience may be able to charge higher prices (Smith, Bailey, and Brynjolfsson 2000) . The type of shopping convenience and experience is likely to affect price competition in online markets (Novak, Hoffman, and Yung 2000) . Thus, we expect variance in shopping convenience to be related to price dispersion.
Reliability in fulfillment (+). Differences in perceived reliability among e-tailers may influence the range and dispersion of prices for a product. Reliability is associated with aspects such as delivery time,
whether the product was delivered as promised, and consistency of customer service. Because of the spatial and temporal separation between buyers and sellers in online markets, exchanges between money and goods are not simultaneous, so the delivery risk is a particular concern of the consumers (Smith, Bailey, and Brynjolfsson 2000) . A more reliable e-tailer may command higher prices than a less reliable retailer for the same item.
Product information (+). Depth of product information on a web site reduces online price sensitivity (Shankar, Rangaswamy and Pusateri 2001) . E-tailers with deep product information may have lower price sensitivity and higher prices than those with shallow product information. Therefore, variation in product information is expected to affect price dispersion.
Shipping and handling (+/-). Shipping and handling service could be another dimension that could affect e-tailers' prices. Intuitively, e-tailers are in a position to charge higher prices for better shipping and handling services because such services may be valuable to some consumers. Whether consumers are charged higher prices for superior shipping services, however, is an empirical question that is unclear. Brynjolfsson and Smith (2000) found some of the e-tailers' superior services to be negatively correlated with price. For example, some e-tailers with better return policies have lower prices. Therefore, the relationship between an e-tailer's services and prices needs a more detailed investigation. Nonetheless, variation in shipping and handling may be an important driver of price dispersion.
Pricing policy (+).
Overall pricing policy is one aspect of e-tailer heterogeneity that needs to be controlled. In the real world, retailers have different financial abilities, thus sellers with deep pockets are able to focus on long run profits, strategically price close to or even below marginal cost, and take an early operating loss to build their businesses (Burdett and Coles 1997) . Other sellers, however, may be forced to focus on short run profits and need to price no lower than marginal cost. We expect a premium pricing policy of an e-tailer to be related to higher prices for the items sold by that e-tailer. Therefore, variation in pricing policies of e-tailers should be related to price dispersion.
Other e-tailer Attributes
Inventory position (-). The inventory position of the e-tailer in an item can determine the e-tailer's price for that item. A retailer with a high inventory level of an item may offer a lower price than a retailer with a low inventory level. Inventory position is itself not an e-tailer service attribute since it may vary for different items within the same retailer. We expect differences in e-tailer inventory position to be associated with price dispersion.
Time of online market entry (-).
Early mover advantage has been extensively discussed in the context of conventional markets (Shankar et al. 1999; Urban et al. 1986 ). Although early mover advantage in online markets has received little attention, the rationale for such an advantage in the offline market can be applied to the online market as well. Geyskens, Gielens and Dekimpe (2001) found that early follower perform better than late followers with respect to introduction of the Internet channel. For example, Schmalensee (1982) pointed out that the perceived risks of early market entrants are lower than those of late entrants and that consumers may be willing to pay more for early entrants. Thus, the later the market entry, the lower the expected price. Extending this reasoning to online markets, we can hypothesize that the greater the time interval between sequential online market entries, the greater the price dispersion.
e-tailer Trust and Branding (+) . An e-tailer's trust and brand equity can reduce consumers' perceived risks. Evidence from online markets also reveals that some consumers may be willing to pay a price premium for trusted e-tailers (Urban, Sultan, and Qualls 2000) . E-tailer brand is an important determinant of choice among homogenous products (Smith and Brynjolffson 2001) . e-tailers can build consumer trust and brand equity by providing a satisfying experience and through third party certification or recommendation. Therefore, variance in trust and brand equity should affect price dispersion.
Consumer awareness (+). In conventional markets, because of information scarcity, some consumers
are not informed about the lowest price. In contrast, in online markets, online price comparison engines such as Bizrate.com, Shopper.com, and MySimon.com can facilitate consumers to process information and thus locate the lowest price. The use of these engines, however, also depends on consumer awareness of these engines. As a result, e-tailers who enjoy large consumer awareness could charge prices higher than their competitors who are "needles in the haystack." Burdett and Coles (1997) proposed a noisy search model and pointed out that "each store changes its price as its stock of regular customers change through time," and "smaller (younger) stores [who have less consumer awareness] announce lower prices …" Brynjolfsson and Smith (2000) found that e-tailers with high consumer awareness, like Amazon.com and CDnow, charge 7-12% higher than those who are less famous, like Books.com and CD Universe. Adamic and Huberman (1999) show that AOL enjoyed high loyalty due to high awareness, suggesting an ability to command more prices. Consumer awareness is not an aspect of e-tailers' service, but it is an aspect of the e-tailer characteristics that can be leveraged to command higher prices. Thus, higher the differences among e-tailers in consumer awareness, the greater the price dispersion.
Market Characteristics
Number of competitors in a market (+/-). The number of competitors in a market reflects its
competitiveness and is a factor that has been examined in models of offline price dispersion (Carlson and McAfee 1983; Cohen 2000; Dahlby and West 1986) . Based on their search model, Carlson and McAfee (1983) proposed that price dispersion would be less when there are more players competing in a market. However, when Dahlby and West (1986) empirically applied Carlson and McAfee's model in the car insurance market, they found that more players in a market is associated with increased price dispersion. This conflict remains unexplained. A recent study by Cohen (2000) points out that the number of alternatives in a market functions as "a double-edged sword." On the one hand, the rivalry increases with a greater number of alternatives, so that price dispersion is reduced. On the other hand, the "DIF-ness" (distortion in information function) also increases and causes consumers to be poorly informed, hence the price dispersion is enlarged. A small survey of household beverage alternatives supported that "DIF-ness" does increase with more number of alternatives. Thus, a nonlinear relationship between number of players and price dispersion could exist. When not many players are in a market, more players would significantly increase the price competition and lessen price dispersion. For example, at the early stage of online book selling, Amazon.com significantly dropped its prices when Barnes&Noble entered the market (Bailey 1998 ). However, when many players are in a market (for example there are 6,219 unique book retailer sites listed by Yahoo!), consumers become poorly informed and sellers have the opportunity to charge different prices. So, we expect that price dispersion will decrease at a diminishing rate with increase in the number of competitors in a market.
Consumer involvement (+/-).
Consumer search behavior has been found to be related to the involvement level (e.g., Kujala and Johnson 1993) , because consumers with high involvement may exert more search efforts than consumers with low involvement due to the differences in perceived benefits from search. In the marketing literature, the psychological term "involvement" is regarded as equivalent to the economic term "utility level," that is, "price level" or "financial outlay" (Moorthy, Ratchford, and Talukdar 1997; Cohen 1998) , so consumers search more intensively in expensive product categories, as documented by quite a few studies (see review by Miller 1993 ). Consequently, we should expect less price dispersion in expensive product categories as the search models predict. However, the evidence is equivocal. While Cohen's (1998) findings are consistent with this prediction, those of Pratt, Wise, and Zeckhauser (1979) are the opposite. Thus, further research is required on the effect of involvement on price dispersion. In addition, all the existing studies of online price dispersion have investigated only low involvement (and price) items such as books and CDs, and little is known about more expensive items like laptop computers.
Popularity of the product item among consumers (-). Popular product items are those well accepted
and purchased by many consumers. In online markets, communication among consumers is particularly high.
Online consumers exchange information quickly through many electronic channels such as news group, bulletin board service (BBS), and chat room. For strategic reasons, many e-tailers have created review board on their web sites for consumers to easily communicate. Popular product items draw more consumer attention and thus have more information conveyed to consumers relative to other products, so we expect that price dispersion for popular products should be narrower than that for non-popular products.
Product Category Differences
Differences among product categories may affect the extent of dispersion in prices. Previous empirical studies have tried to control for product heterogeneity using the hedonic price regression method.
For example, Clemons, Hann, and Hitt (1998) studied variation in airline ticket prices, by controlling for several observed sources of product heterogeneity such as arrival and departure times, number of connections, and Saturday night stays. They found that price dispersion is still significant even after controlling these sources of heterogeneity. Other aspects of product heterogeneity such as meal offering and refund policy that could potentially drive price dispersion, however, were not included in their model. Therefore, investigation of entirely homogeneous products, such as books, CDs, DVDs, electronics, computer hardware and software, is needed to eliminate potential contamination by unmeasured product heterogeneity. We allow for price dispersion to be different for different product categories.
Different product categories due to their inherent natures may be associated with different levels of price dispersion, even after controlling their price levels. For example, price dispersion may be less for those products whose consumer familiarity and knowledge are high. However, such cross category effects are beyond the focus of this study. Thus, we control for potential category differences using dummy variables.
Data and Methodology
Data
The data for this study are primarily drawn from a well-known price comparison web site, namely, BizRate.com. Product, price, and deal information for a large number of e-tailers are searched and updated by BizRate.com daily. BizRate.com also lists the products that are popular in a market, so we can compare price dispersion between popular and non-popular products.
We purposely focus on identical products to avoid the potential problem of unmeasured product heterogeneity. Such products are found in the following categories: books, CDs, DVDs, computer software and hardware, and consumer electronics. For example, the Toshiba Satellite 2775XDVD laptop computer with the part number of PS277U-6M9J0K and features of PIII 650 MHz processor, 64 MB memory, 12 GB hard disk, 8x DVD, 56 Kbps modem, and 14.1" TFT screen, sold by one e-tailer is the same as that sold by another. We collected 6739 price quotes for 581 identical products from 105 e-tailers during November 2000. Summary statistics of the data appear in Table 2 .
( Table 2 about here) BizRate.com also surveys e-tailers' customers and asks them to evaluate the e-tailers' services. The survey results are published on BizRate.com's web site, so we can use them to measure e-tailer service heterogeneity. Ten aspects of e-tailers' services are evaluated using a ten-point scale and an overall measure of the average of the ten measures is also provided. percentage of on-time shipments from the e-tailer for the item in question.
( Table 3 about here) A second source of our data is Alexa.com. From Alexa.com, we obtained information on each web site's traffic, external links, and online market entry date 2 . An advantage of Alexa.com's measure of web traffic is that it provides data on the number of unique visitors to each web site, which is more detailed than just the ranking of sites based on web traffic 3 . We use web traffic and the number of external links (how many other web sites have links to a particular web site) as measures of consumer awareness in our study.
Furthermore, we collected data on trust through third party certification for each of the e-tailer we study. There are a few third party certifications in electronic markets. We select the five most frequently adopted certifications, which are from BBB Online, BizRate.com, Gomez.com, Truste.com, and
Verisign.com. We create a variable named "third party certification" based on how many certifications a web site receives from the five sources. This variable measure ranges from 0 to 5.
Methodology
Our main objective is to isolate the factors that are associated with variation in price dispersion across the product markets that we study. First, to construct measures of variability in retail services across the products that we study in this research, we use the BizRate.com ratings of services provided by e-tailers.
We factor analyze these ratings to identify the major underlying dimensions of e-tail services; factor scores based on these ratings provide the service measures used as independent variables in our analysis of price dispersion. Second, we do a cluster analysis of these factor scores to identify the competitive positioning of e-tailers on these service dimensions. Third, we use a set of regressions linking price dispersion measures to variation in e-tailer and in market characteristics to investigate the drivers of price dispersion. Finally, through hedonic regression analyses by product category and by cluster, we investigate the relationship between prices charged by e-tailers and e-tailer characteristics.
Analysis, Results and Discussion
Factor Analysis
The results of the factor analysis of the ten measures for 105 e-tailers shows the existence of five underlying factors. These five factors explain 91.5% of the variance in the original data. Table 4 provides the component matrix obtained using Equimax rotation 4 .
( Table 4 about here)
The measures, on-time product delivery, product representation, customer support, and tracking of shipping status loads on Factor 1. Since one of consumers' primary concerns of online shopping is the actual receipt of products after making payment (Smith, Bailey, and Brynjolfsson 2000) , this factor seems to reflect the reliability of the e-tailers. Consumers will feel confident to buy from e-tailers with high scores on this factor. Factor 2 is highly related to ease of ordering, product selection, and the e-tailer's web site navigation.
All these factors reflect the dimension of shopping convenience. Factor 3 is highly related to the quantity, quality and relevance of product information that the e-tailers provide. Factor 4 is highly related to the options and charges of shipping and handling. This is another tool that can be used by e-tailers to attract patronage by matching various consumers' delivery needs. Factor 5 is highly related to e-tailers' relative prices, and may reflect the pricing policy of the e-tailers.
In summary, e-tailers' heterogeneity in services can be described along five dimensions or factors, namely, shopping convenience, reliability, product information, shipping and handling, and pricing policy.
Cluster Analysis
We then cluster the 105 e-tailers based on their scores on the five factors. We obtained three clusters using a K-means cluster analysis. Table 5 ( Table 5 about here) Cluster 1 is the smallest group with 9.5% of the members. The e-tailers in this cluster are most reliable and are most convenient for shopping. However, the product information on their web sites is poor.
Their price and shipping and handling charges are moderate. Presumably, these e-tailers target these consumers who already clearly know what they want to buy, and focus on fulfilling customer orders. Notice that these most reliable e-tailers perceived by consumers are not the leading players such as Amazon.com and Barnes&Noble.com. Instead, they tend to be sellers who have moderate to small web traffic. Examples of e-tailers in this cluster are CDUniverse.com and CompUSA.com.
Cluster 2 comprises 40% of the e-tailers. The e-tailers in this cluster are characterized by highest prices and least shopping convenience. They compensate for these drawbacks by providing the most economical and flexible shipping and handling. The reliability of these e-tailers and the information provided by them are at a moderate level compared with those of the other two clusters. It seems that these e-tailers target price insensitive shoppers whose search costs are high. These etailers try to attract and retain the customers through superior shipping and handing service. Outpost.com is an e-tailer from this cluster. It has free overnight delivery for any purchase, which greatly attracts those consumers who need the products quickly (e.g., birthday gift). Although they have the highest prices, these e-tailers can still have sizable sales.
For example, Powells.com, another e-tailer in this cluster, has higher average prices than Amazon.com, but enjoys a significant sales volume in online bookselling (Brynjolfsson and Smith 2000) .
Cluster 3 is the largest cluster comprising 50.5% of the 105 e-tailers. These e-tailers provide the lowest prices and offer deep product information. Their reliability and their shipping and handling services, however, are perceived to be the poorest. Shopping convenience with these e-tailers is perceived to be moderate. It is likely that these e-tailers target the price sensitive consumers. In addition to low price, they also offer superior product information to attract web traffic and induce purchase. Interestingly, several big etailer names, such as Amazom.com, Barnes&Noble, Egghead.com, and eToys.com, are all members of this cluster.
Comparison of the three clusters reveals that, in general, e-tailers are not positioned to be excellent in every dimension. Instead, they seem to focus on different dimensions to differentiate themselves from competition.
Price Dispersion Regression
Although the cluster analysis results are insightful about targeting by and positioning of e-tailers, they do not offer insights into the drivers of price dispersion among the e-tailers. For example, we want to know why e-tailers charge different prices for identical products. We also want to determine the relative strength of the associations of price dispersion with service attributes and market characteristics. To accomplish this, we conduct a regression analysis of the drivers of price dispersion.
To understand why prices charged by various e-tailers for the identical product are different, we first need to create measures of price dispersion at the individual product level. Consistent with Sorensen (2000), we use five price dispersion measures for the same item as the dependent variables in our regression: (1) price range; (2) percentage of price difference (price range divided by the average price charged for that product); (3) standard deviation of prices; (4) variance of prices; and (5) coefficient of variation of prices (standard deviation of prices divided by the average price charged for that product). 6 The summary statistics of the five price dispersion measures are shown in Table 6 . In Table 7 , we also report the summary statistics of the percentage of price difference in each product category.
( Tables 6 and 7 about here) Table 7 shows that books and CDs, the two categories investigated by Brynjolfsson and Smith (2000) and Bailey (1998) , have the widest price differences (average price differences in these two categories of 49% and 51% respectively), which are somewhat larger than those reported by Brynjolfsson and Smith (2000) (33% for books and 25% for CDs). One possible reason for this difference is that the number of etailers in our study is greater than that in Brynjolfsson and Smith (2000) study, allowing for greater variance in prices. The average percentages of price difference in the other six categories range from 25.7% to 43.7%, which are also significantly large. The maximums of percentage of price difference are larger than 47%, the number reported by Brynjolfsson and Smith (2000) , which again confirms that large price dispersion in online markets is a persistent phenomenon. It should be noted that price differences for certain items are more than 100%.
Our framework suggests that variation in price dispersion across items arises from variation in etailer characteristics and market characteristics. Specifically, our independent variables include the following factors:
e-tailer characteristics. Based on our earlier discussion, we include the following e-tailer variables in the regression analyses of price dispersion (PRDISP) of each item i in category j. Dispersion in (1) shopping convenience (CONV), (2) reliability (REL), (3) product information (INFO), (4) shipping and handling (SHIP), (5) pricing policy (PRPOL), (6) inventory position (INV), (7) time of online market entry (TIME), (8) trust (third party certification) (TRUST), and (9) consumer awareness (web traffic and number of referral links) (AWARE) 7 . We run two sets of regressions, one set using ranges and the other set using standard deviations in these characteristics. The letter "D" preceding each variable represents dispersion in that variable.
Market characteristics. We examine the following market characteristics in the regression analyses:
(1) number of competitors in market, measured by the number of e-tailers selling an item (COMP), (2) average price level of the item, a measure of consumer involvement (INVOL), and (3) popularity with consumers, measured by a dummy variable indicating the best-selling products (POPLR). 8 We control for product category differences using dummy variables.
We regress each of the five measures of price dispersion on these two classes of independent variables and on product category dummies (CD for CD, DVD for DVD, DTOP for desktop computer, LTOP for laptop computer, PDA for PDA, SOFT for software, and ELECT for consumer electronics). η is an error term. (1) 7 The variable of web traffic is highly correlated with the variable of referral links, so only one of them can be used the regression. We report the regression results obtained by using the web traffic variable. We obtained very similar results when we used the number of referral links or a composite measure as the consumer awareness measure. We could not use the square of timing of entry as an additional variable to test for possible non-linear effect because it was highly correlated with timing of entry. 8 The correlation between number of competitors and the square of this variable was very high, precluding us from directly including both the variables in the regression to test for non-linear effects.
For each dependent measure, we ran linear, semi logarithm and double logarithm models, compared them, and selected the double logarithm functional form based on Box-Cox (1964) method to obtain valid estimates of the variance and covariance matrix. The estimated coefficients with their significance levels and model goodness of fit appear in Table 8 .
( Table 8 about here)
Price dispersion among e-tailers is well explained by the regression models. All the models are significant (p < 0.01) and the adjusted R 2 of each of them is greater than 92%. In addition, they provide consistent results.
e-tailer characteristics.
Variations in all the dimensions of e-tailer service heterogeneity explain a significant amount of variation in price dispersion across items. Thus variation in shopping convenience, reliability, product information provision, shipping and handling, and pricing policy are all related to price dispersion. Variation in e-tailers' trust or third party certification is not significantly related to price dispersion in any of the models. Consumer awareness also has no relationship with price dispersion, which suggests that a dominant awareness position may not be easily leveraged by e-tailers for differential prices.
Finally, time of online market entry is related to price dispersion. If a variable is significant in one model, it is significant in the rest of the models as well.
Market characteristics. Consistent with our expectation, an increase in number of competitors reduces price dispersion, but at a diminishing rate (from the logarithm functional form). This result suggests that consumers absorb and process information less effectively when the number of sellers increases. Price range and price standard deviation increase with price level, which is a proxy measure of consumer involvement. However, when these dependent measures are corrected for differences in units of measure by 9 Inventory position variable was highly correlated with reliability. Because inventory position was measured by a dividing by price, the relationship between price dispersion and involvement has a negative sign. When the percentage of price difference (price range divided by mean price) and the coefficient of variation of price (price standard deviation divided by mean price) are used as the dependent measures, the estimated coefficients of average price are negative. Specifically, let σ be range or standard deviation of prices, p be price level. We estimated regressions of the form ln σ = a + b ln p, where other predictors are ignored for simplicity. Had σ/p been used as the dependent measure instead, the regression would be ln σ -ln p = a + (b-1) ln p. Since b ≈ .92 in Table 8 , b -1≈ -.08. Thus, although absolute price dispersion increases with price level or involvement, which is not surprising, relative price dispersion declines with price. High involvement products exhibit less relative rice dispersion. Contrary to our expectations, however, variation in the remaining market characteristic, namely, product popularity, does not have a significant effect on price dispersion.
A summary of the results of price dispersion regression with respect to the predicted effects of etailer and market characteristics is shown in Table 9 . Among e-tailer service attributes, variations in shopping convenience, reliability, product information, shipping and handling, and pricing policy have significant effects on online price dispersion. Among other e-tailer variables, variation in timing of online market entry is associated with dispersion in online prices. Price dispersion declines with more competitors and greater consumer involvement or higher relative price levels.
( Table 9 about here)
To understand the relative effects of the different sets of drivers of price dispersion, we obtained the squares of the standardized coefficients and compare their relative sizes. The results are shown in Table 10 , which reports the percentages of variation attributable to the three types of independent variables, and to random error. In the four models where price range and price standard deviation are used as the dependent variables, market characteristics account for over 88% of the variance, while the e-tailer and product characteristics have relatively much lower effects. This is largely due to the relationship between price and the range and standard deviation of prices. However, when percentage of difference and coefficient of proxy variable, we dropped it from the analysis.
variation are used as the price dispersion measures, that is, when price range and standard deviation are deflated by the mean price, the relative effect size of market characteristics is significantly reduced to 8% ~ 14%, whereas the relative effect size of e-tailer characteristics significantly increases to 14% ~ 28%. The proportion of variance due to error becomes much larger in this case. This is because scaling the dispersion measure relative to price removes the variation due to involvement (one of the market characteristics) from the regression analysis. However, product characteristics have the smallest effect size. Thus, we conclude that market characteristics and e-tailer characteristics, especially the former, are the most influential drivers of price dispersion among e-tailers.
( Table 10 about here)
Hedonic Regression
Having diagnosed the drivers of e-tailers' price dispersion, we now turn to the questions: Which type of e-tailer charges high prices? Which type of e-tailer charges low prices? Why? We study the relationship between e-tailer characteristics and prices using a hedonic price approach, that is, by regressing prices on etailer characteristics, consistent with other studies using hedonic regression (e.g., Brynjolfsson and Kemerer 1996) . To do so, we first need to make the prices across items comparable. Thus, we create a new price index variable (PRICE) that is observed price divided by the mean price of that item across e-tailers. The price index we use is a relative price measure with the mean for every item equal to one. It satisfies our research purpose by eliminating the cross-item differences. However, we realize that the effects of e-tailer characteristics on price may be different for different product categories and different clusters, so we run the following hedonic price regression within each product category and within each cluster and compare the results. 10 The variables are as defined earlier and ε is an error term. The standardized coefficients, estimated by linear functional form and GMM method appear in Table   11 .
11 Each of the eight hedonic price regression models is significant (p < 0.01). The adjusted R 2 are generally moderate, but low for laptops (5%) and consumer electronics (10%). We now discuss the effects of each of the e-tailer characteristics on price.
Shopping convenience has significant effects on price in four of the eight categories. In general, higher prices are commanded by e-tailers who provide greater shopping convenience, with the exception of DVDs. The effect size is especially large for books. This finding suggests that consumers are more willing to pay for convenience for some inexpensive (low involvement) items.
( Table 11 about here)
The reliability of e-tailers in fulfilling transactions and delivering products is an important factor that consumers consider when shopping online . Thus, more reliable e-tailers should have the power of charging higher prices. e-tailer reliability has significant effects on price in five of the eight product categories we study, and the effect size is larger for the high involvement computer products (desktop, laptop, PDA and software), consistent with our expectations. However, the signs of these effects are mixed. For books, laptops, and consumer electronics, the more reliable e-tailers actually charge lower prices, but for desktops, PDAs and software, the more reliable e-tailers do charge higher prices. Interestingly, the PDA e-tailers, desktop e-tailers and laptop e-tailers are usually the same merchants. However, with regard to reliability, they price these product categories differently. Although further research on this issue is needed, the results show that e-tailers with superior reliability of service may actually charge either higher or lower prices. While consumers may be willing to pay more for greater reliability, it is also possible that etailers offering superior reliability are more efficient and have lower costs, leading them to price lower than less reliable competitors in anticipation of high volume.
Product information provision is significantly related to price in seven categories. Contrary to Smith et al. (2000) , these effects are generally negative with the exception of laptop computers. This finding suggests that, rather than charging more for product information, e-tailers generally offer both good price and 11 We tested for heteroscedasticity using the White test and Breusch-Pagan test for all eight regressions.
good product information to customers at the same time. One possible reason is economies of scale. Etailers with economies of scale tend to be the ones investing in deep product information on the web and they are also able to offer lower price. Another possible reason is obfuscation of price engines by large e-tailers who may charge low prices with deep information to draw first time buyers with the hope of retaining them (Ellison and Ellison 2001) . It is also apparent that among the e-tailer characteristics, product information provision has the highest or very high influence on e-tailer prices. Furthermore, across categories, product information provision has the largest effect for the inexpensive (low involvement) items, namely, books and
CDs.
Economy and flexibility of shipping and handling has a significant and positive effect on product price in three categories, which confirms the intuition that better shipping and handling service commands a higher product price. As expected, premium pricing policy is associated with higher prices in almost every category.
Time of online market entry has a negative effect on price in five categories. This finding suggests the existence of earlier mover advantage in online markets, that is, early entrants are able to command higher price than late movers.
Trust as measured by third party certification or recommendation, may allow e-tailers to charge higher prices. However, the effect of third party certification on price is significant in three product categories and the effect sizes are small for all categories. Moreover, although one coefficient has a positive sign, we do find negative and significant effects for DVDs and desktop computers. One possible reason is that the measure of trust (third party certification) may be relatively mild, considering that online trust is a multidimensional construct (Urban, Sultan, and Qualls 2000) .
With regard to consumer awareness, the results show that the e-tailers who sell books and CDs charge high prices if they have high consumer awareness. The opposite, however, is true for the e-tailers who sell desktop computers, PDAs and software. Perhaps, because of the low involvement for books and CDs, consumers do not search prices as intensively as they do for high involvement computer products. Therefore, consumers may be price insensitive for books and CDs relative to computer related products. Conversely, computer related product e-tailers may need to commit to low prices to induce purchases. This finding suggests that consumer awareness is not necessarily an advantage that allows e-tailers to charge higher prices, as suggested by Smith et al. (2000) . In fact, these e-tailers might have achieved high consumer awareness through their low prices, and they may need to maintain the low cost image by continuously offering low prices. An increase in price could damage credibility and threaten their sales and profits.
Since the impact of e-tailer attributes on e-tailer prices may be different across the retailer clusters, we run separate regression models for each cluster. The results appear in Table 12 . The goodness of fit varies from a high adjusted R 2 of 54% in Cluster 1 to a low of 11% in Cluster 3. Within Cluster 1, which comprises e-tailers who offer highly convenient and reliable service, those offering greater convenience and reliability command greater prices than others. Those who enjoy higher consumer awareness are also able to extract higher prices. However, e-tailers offering third-party certification of security seem to offer lower prices. Within Cluster 2, which consists of e-tailers with superior shipping but high prices, those e-tailers whose shipping and handling services are better than those of others and those that have higher levels of trust, command better prices than others. Cluster 2 e-tailers who offer greater convenience and product information and who enjoy greater awareness among consumers, however, tend to offer lower prices than others in the same cluster. These e-tailers may have gained awareness using low prices. However, by gradually offering greater convenience and product information and by focusing on superior shipping, they try to extract higher prices. Cluster 3 has the poorest hedonic regression model fit. Those e-tailers in this cluster who offer better shipping, greater trust, and enjoy greater awareness, elicit higher prices. Shopping convenience and reliability are associated with lower prices, but this is consistent with the characteristics of e-tailers in this cluster. Recall that this cluster comprises e-tailers who offer high convenience, but low prices. Overall, the three clusters are very different from one another in the influential drivers of prices.
( Table 12 about here) In summary, the hedonic price regression results support several hypothesized relationships between prices and the characteristics of e-tailers. Specifically, higher prices are charged by e-tailers who enter online markets earlier, who offer more economical and flexible shipping and handling service, and higher pricing policy. Despite some conflicting findings, in general, higher prices are also charged by the e-tailers who provide more shopping convenience, and who provide less product information. However, the effects of reliability in fulfillment, trust, and consumer awareness are ambiguous. Therefore, although the e-tailers set prices in line with their characteristics, the intuition that superior e-tailer service attributes command higher prices is not necessarily true. Each e-tailer cluster is different from the other in the influential drivers of prices. Future study on how e-tailers make their price decisions should provide a better understanding of these issues.
Limitations and Future Research
We outline certain limitations of our study and offer potential avenues for future research. First, theoretical discussions of price dispersion pay particular attention to equilibrium market outcomes. Patterns of online price dispersion have been consistently observed by many studies and the high price variation in online markets questions this equilibrium. The approach by Baye and Morgan (2001) using bounded rationality to derive epsilon and quantal response equilibria to explain price dispersion appears promising.
Second, although we have identified important drivers of such price dispersion in this study, the use of cross sectional data may limit the generalizability of our results. Future extension of our study using longitudinal data should produce more robust evidence.
Third, in addition to explaining the drivers of price dispersion, we examined the specific pricing behavior of e-tailers. However, the hedonic price regression we used does not consider the competition among the e-tailers and potential effects of the market. Although a detailed analysis of the pricing behavior among e-tailers is beyond the scope and focus of this study, it will contribute to a better understanding of this phenomenon.
Conclusion
In this study, we extend previous research on price dispersion by conceptually and empirically investigating the drivers of online price dispersion. We propose a framework based on a review of the existing literature on price dispersion in different product categories that comprises market and e-tailer characteristics, after controlling for product category differences. Previous studies (Bailey 1998; Brynjolfsson and Smith 2000; Smith et al. 2000) have documented large price dispersion in online markets, but have not empirically examined the drivers of online price dispersion. With a comprehensive data set containing 6739 price observations for 581 identical items in eight product categories from 105 e-tailers, and
measures of e-tailer and market characteristics, we believe that our study is among the first to empirically investigate the drivers of online price dispersion.
We examined the effects of variation in e-tailer and market characteristics on price dispersion among e-tailers across items. The e-tailer characteristics we studied include e-tailer service characteristics such as shopping convenience, reliability in fulfillment, product information provision, economy and flexibility in shipping and handling, and pricing policy, as well as other characteristics like inventory position, time of online market entry, trust, and consumer awareness. The market characteristics we investigated are number of sellers in market, consumer involvement, and popularity of the category among consumers,.
Our analysis comprised four steps. First, we performed a factor analysis of e-tailer features to identify the underlying dimensions of e-tailer service. The results show that five factors, namely, shopping experience, reliability, information provision, shipping and handling, and pricing policy are some of the key e-tailer service factors.
Second, we did a cluster analysis of the 105 e-tailers based on consumers' perception of their services. Our results suggest there exist three types of e-tailers who target different consumer segments.
Cluster 1, the smallest cluster, includes medium/small size e-tailers who are perceived to be the most reliable e-tailers and they have moderate overall price. Cluster 2 includes the e-tailers who target price insensitive consumers. They have the highest overall price and try to attract and retain the consumers by providing superior shipping and handling service. Cluster 3 contains e-tailers who target the price sensitive consumers.
These e-tailers are perceived to have the best price and product information, but the worst shipping and handling. This cluster has more than half of the e-tailers. The cluster analysis depicts a general image of how e-tailers' service attributes are related to their overall prices.
Third, we used a set of regressions to explicitly investigate the drivers of price dispersion of the 581 products. Our regression models consistently have adjusted R 2 of over 92% and thus they explain the sources of price dispersion very well. The standardized coefficients demonstrate that market characteristics and etailer characteristics are the main explanatory variables of price dispersion among e-tailers. Since variation in e-tailer characteristics explains less than 30 percent of the variation in price dispersion across markets, market characteristics are primarily responsible for the observed price dispersion. Specifically, among the etailer characteristics, variation in shopping convenience, reliability, product information provision, economy and flexibility of shipping and handling, and overall pricing, all associated with price dispersion. Variation in trust and variation in consumer awareness do not affect price dispersion, whereas variation in time of online market entry affect price dispersion in all the regression models. Among the market characteristics, increase in number of competitors is associated with a decrease in price dispersion, but at a diminishing rate. Price dispersion, when measured by the range and standard deviation of price, increases with consumer involvement, but at a slower rate. Thus, when the price dispersion is measured by the percentage difference or the coefficient of variation of price, it decreases with consumer involvement. Product popularity does not affect price dispersion. As for product characteristics, CDs have smaller price dispersion than books, while the price dispersions in other categories are not different from that in books.
Fourth, using the hedonic price regression approach, we analyzed why e-tailers charged high or low prices by category and by cluster. We created a measure of relative price and regress it on the e-tailer characteristics within each product category. The results show that higher prices are charged by the e-tailers who enter online markets earlier, who have economical and flexible shipping and handling service, and who have higher overall pricing. With some exceptions, higher prices are also charged by the e-tailers who provide more shopping convenience, and who provide less product information. However, consumer awareness, trust, reliability in fulfilling transaction and delivering product are all found to have ambiguous effects on price. These findings suggest that e-tailers set prices in line with their characteristics, but do not simply charge higher prices for better services. The hedonic regression results also indicate that heterogeneity in the services offered by e-tailers is only responsible for a limited portion of the variation in etailer prices and that the drivers of e-tailer prices are different across the three clusters. -(relative) Popularity of product among consumers -Ns "S" denotes significant effect. "Ns" denotes that the regression coefficient is not significantly different from zero. a -Has negative sign for relative price dispersion (range/price or coefficient of variation). 
